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ABSTRACT 

Measurccents of detection efficiency, angular resolution, and energ; resolur 
tion properties of a gaamanray telescope used to study celestial gatosia rays from 
balloon-flight altitudes are described. Nearly ncnochrocatic photons produced at 
the National Bureau of Standards tagged'-photon facility vere used for the calibra- 
tion. Details of the photon beam configuration and properties and results of the 
measurements made at photon energies of 15.1 and 31.1 MeV are presented. Finally, 
the data are compared vith a Monte Carlo analysis of the instrument properties. 
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1. rantopocTioM 


Th* dtt«niikatlott of tho abooluto dotoetion •ffleioncy* oagular* and OMtcr 
rooelttCieQ of g«Ma*nr«j toloteopoa has loag baaa a difficult and uaeactaia 
proeaaa baeauaa of tha . lack of aultabla aourcaa of high aaargy vottothroMtic 
photoaa. Analytic calculations provlda a valuabla guida for undaratanding 
a talatcopa's behavior; bovavar, a cback of such avaluationa by direct naasura- 
manta la highly daslraabla alnca tha eooplaxlty of tha Inatrunanta and tha 
large variety of posalbla types of Interaction histories that must be considered 
In any analysis requires many simplifying approximations whose cunmulatlve 
effect Is always sraewbat uncertain. 

Among the various processes that art available for producing ganma rays 

% 

suitable for calibration of most gamma -ray telescopes designed for asvronomlcal 

• ^ 

studies* only electron* brans strahlung and positron annihilation are capable 
of yielding photons from 10 MaV to substantially higher energies. Tagged 

brensstrahlung beams were used to calibrate the OSO-3 high energy detector^* 

2 3 4 5 

and the SAS-2 * * and COS-B * gamma-ray telescopes. The main difficulties with 

this approach were the relatively large energy dispersion at lower energies and 

Che small fraction of the total Incident brensstrahlung beam in the appropriate 

energy Interval for tagging. For example, the calibration beam for COS-B^ had 

a FWRM dispersion of AE/E«0.60 at 20 MeV and AE/E*0.27 at 100 KeV. The energy 

spread resulted primarily from the finite thickness of the target and the site 

A 

of tagging counters required to produce a sufficiently incense photon beam. 

New high duty factor, high electron intensity accelerators now coming into 
service will make it possible to reduce the problem previously encountered. 

A positron annihilation tagged photon method has been reported by Fultz ec al.^ 
but with a beam geometry that differs significantly from chat used for measure- 
ments described here. In the Fultz system, one of the photons is detected in a 
plastic detector wrapped around the positron beam pipe located 


V. 
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ahMd of th« annihilation targat. This tyataa haa tha dlaadvantaga that photons 

i . 

In tha backvard tagging eountac hava low anarglaa (.26 to .51 Mav) and auat ba 
datectad In a high background of othar inducad gaaaa rays In thla anargy raglon* 
whlla tha othar photon la naarly forward In tha laboratory syatan and consaquantly 
la badly contaadnatad with braasstrahlung photons (a.g.» tha total branas tra h lu ng - 
to-annihllatlon photon ratio In tha forward dlraction la %180 at 20 MaV). 

A method Is dascrlbad hara for obtaining tha abaoluta photon datactlon affl- 

Clancy and tha angular and anargy rasponaa functions of tha Goddard Space Flight 

Canter (GSFC) digitized spark chamber balloon borne telescope using the NBS 

positron annihllatlonrin^fllght facility. The technique utilizes the two coin- 

cldent photons that are produced from the annihilation of energetic positrons. 

« 

In the center-of*>mass system the two annihilation photons are emitted back to 
back with equsd energida. However, in the laboratory system the energies of the 
photons depends on the angle between the incident positron: beam and the photons. 

In the method described here, one of the two annihilation photons, with an energy 
Of ^ 7 MeV, is detected at a fixed angle of 20° with respect to the incident 
positron beam. The detection of this photon signals the presence of, or "tags", 

Che other annihilation photon which is used for the calibration measurement and 
idilch has an energy equal to the positron energy minus 7 MeV. 

This paper reports the results of measurements of the absolute detection 
efficiency, and. the angular and energy resolution of the GSFC gamma-ray telescope 
at 15.1 and 31.1 MeV. Following a brief description of the instrument, the 
details of the calibration beam configuration and tagging electronics are presented 
and measurements of the tagging efficiency are discussed. Tne experimental tech- 
nique used to reduce the observed tagged counting rate to absolute efficiency, 
and Che methods used to determine angular and energy resolution are presented. 
Finally, the observed data are compared with Monte Carlo calculations for the 


instrument. 
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IMSTRUMEMT DBSCRimOM 


Ih« dttMeter i« • digitis«d spark ehsabar gaang-ray tslsseopa daslgaad to 

study eslsstlal gawM rays la tha ragioa of aaargy fxoa 10 to 70 HsV* Prior 

to tha ealibratloa asasursasats daseribad hara, tha iastniaant was flowa twiea 

using larga (8*7 a lO^a^) balloons to study tbia diffusa gaaaa-ray aaission froa 

tha galactic eantar region. A praliainary report on those results, together 

with a description of tha instruaant and a discussion of tha data analysis 

7 8 

Including calibration inforaation has already bean published * , Only a brief 
discussion of tha instrument 1- i tcludad bare to assist in understanding tha 
calibration aaasuraaants. 

A scbamatic raprasantation of tba detector ia shown in fig. 1. Two asaeablias 

% 

of spark chamber modules are separated by a central scintillator plana of thickness 
0.63 cm. Each module has an active area of 50 cm r 50 ca**and consists of two 
orthogonal wire grids each with 400 wires that are attached to a glass-bonded 
mica support frame. The electrical circuit of every wire Includes a magnetic 
core memory, and these cores together with associated readout electronics are 
an integral part of each module. 

The upper assembly contains 16 modules spaced by 1.44 cm and interleaved 
with 15 alu m i nu m places ■of thickness 0.0183 cm, while the lower assembly contains 
4 modules and 3 aluminum plates with a spacing of 5.66 cm. The stack is encased 
in a thin alumiiwm pressure vessel filled with spark gas (99Z neon and IZ ethane) 
at approximately one atmosphere. A thin window separates the bottom of the 
stack from a Cerenkov counter housed in a separate sealed volume along with 
system control and data-handling electronics. 

The upper portion of the detector is covered by « plastic scintillator dome 
averaging 2 cm in thickness. Its purpose is to inhibit triggering of the instru- 
ment from charged cosmic radiation. In the upper atmosphere where this instnu&ent 
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is dttigtttd to opsrsts, ths ehsrgsd partlels inesnsity it MO^ tiass ths intsasitp 
of guns rsys vithla ths snsrgj rsngs of ths dstseitor* This rsqulrss that ths 
antieeiaeidsnes doas havs a high sffieisa^ to prsvsat ths ehsrgsd particlss 
froa ssrieusly inersasiag ths instruasat dsad tlas. 

A gaaaa ray that an tars ths instruasat aay conrsrt to a positroa>slsetroa 

pair in ons of ths aluainua platss in ths uppsr atssably. Whan ona or both 

of thsss particlss propagate through ths renainlng talascopst a coincldsncs 

signal betvssn the scintillator and Carankov counters triggers a high voltage 

pulse to ths wire planes of each grid, provided that a veto signal froa the 

anticoincidence dome is not present. Sparking between orthogonal wire planes 

occurs along the residual ion paths left by the particles, md the current pulses 

« 

of ths spark set the aagnetlc cores. at ths orthogonal coordlnatas in each nodule 
traversed by the particles. All of the chamber's 16,000 cores then are scanned 
and reset sequentially by the readout electronics. The addresses of set cores 
are encoded into the data stream, together with other ancillary information. 

The readout and high voltage pulser recycle time produces a dead time of approx- 
imately 450 msec per event during which further triggers of the Instrument 
are inhibited. 

The solid angle of the instrument is restricted by dividing the scintillator 
and Cerenkov planes into a 3 x. 3 array of independent equal tiles. Signals 
from corresponding vertical pairs are required by the coincidence circuit. 
Further, the Ceren};ov counter is used to discriminate against upward-moving 

events. 

The spark locations for each event, together with a schematic overlay of 
the detector elements are plotted on micrcfilm under computer control. Event 
pictures are scanned to select only those with two particle tracks issuing from 
a vertex that is located within the spark chamber assembly above the scintillator 
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plan*. Za this way* an unaabigueua aalactioa of pair productloa tvaata la aada; 
aad Coapcoa acattariag avaata> auelaar lataraetloa^ la cha aodula fraaatt aad 
lataraetloaa la tha praaaura raaaal ara allalaatad. Aftar tha gaaaa ray coararta 
to chargad partlelatt tha alvalaum plataa aarva aa a acattariag aadluB. For 
tha aalactad ayantOt aaalyala la eonplatad by aatiaating tha aaargy of aaeh 
aacondary partiela ualag aniltipla acattariag thaory. Tha aaargy of tha Incldaat 
gaiBBa ray chan la dacaralnad and tha dlract**on of incldanca la found by forolng 
an anargy-valghtad biaactor of tha vartax In aach projcccad vlaw. 

3. EXPERIMENTAL MEASUREHENTS 
3*1 Baaa Configuration 

Fig* 2 ahova tha layout of tha calibration baam and‘gaoEBa-xay dataccor* 

9 

Thla arrangaaant la aladlar to ona uaad In an axpariaant already raportad and 

further dataila can ba found thara. Tha NBS linear accelerator ia capable of 

producing a poaltron baaa of anargiaa up to 60 MaV. Tha beam vaa pulaad at a 

rata of 360 Harta with a pulaa width of 3.5 uaac. Avtragn eurranta of up to 5 

nA can ba obtained, but in practice tha baaavaa reatrlcted to eurranta of approx- 

ifflacaly 0*1 nA to prevent pulaa pllaup in the varioua dacactora. Tha baaa 

vaa focuaad by a qxiadrupola pair (not ahown in fig. 2) to naxluiza tha nuabar of 

photona produced in tha forward dlracticn. 

A five poalcion targat laddar paraita a variety of target foila to ba 

aalactad raaotaly. Since tha annihilation crosa aaction la proportional to 

cha atomic number Z of tha target macarlal while cha braaaatrahlung croaa aaction 
2 

varlaa aa Z , it la aevantagaoua to aalact a low-Z material for tha target. 

2 

Ona poalcion in tha laddar contained a Ba foil 44.8 mg/cm thick 

which waa tha primary target uaad for calibration maasuraaanta dlacuasad here. 

2 

A thinner foil 9.4 mg/cm chick vac mounted into a second position in tha laddar 
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to study tho offoet of ntltiplo •cottorlng in tho tsrgot foil on tht utslag 

. offlcioney. A third pooltioa la tho laddor eoa'toiaod o To foil uhoto titiekaoos 

♦ 2 

:vo« ooloetod to predueo tho soao broaostrohluag iatoaaity oo tho 44.8 ag/ea Bo 
foil. Coaporiooa of count rotoo with tho Bo and To folio woo uooful la vorifying* 
-tho boekgrouad duo to broaootrohlung. Tho roaoiaing two pooitiono of tho torgot 
loddor voro 1.27 csi oad 2.54 ca dloaotor holts in 0.64 ca brass that wars usod 
for bosa alignaont and focusing. 

Positrons which did not annihilato in tho target wort nagnotically dofloetod 

through 90* into a shioldtd btaa dump that conslsttd of an aluainua block. Tho 

intogratod output of an oloctroaotor conntcttd to tho btaa duap was used to 

aonitor tho boaa eurront. A parallal plato ionization chaabor and a Kal(Ti) 

« 

counter voro also built into tho duap systoa to aonitor positron curronts and to 
aid in initial setup of tho boaa. 

Energetic positrons product gaaaa rays primarily tithtr by moans 
of tho brtasstrahlung process e*^ + t** t^ -f t~ Y or froa annihilation o'** 

4 . a* 2Y> For positron annihilation, the incident positron and photons 
ate co-planar and tho photon energy E is related to the positron total 
anergy E and aoaentua P by 



l-[P/(E+a)l cos 6 


vhero a is the electron rest energy and S is the angle of emission with respect 
to the beam. The observation of a photon in a cone of 


half angle 43^^ at implies that the second photon will occur in a cone at 


given by (sec reference 9) 

tan @2 



m sin 6^ 

P cot - E cos ©2 
m sin 4©. 

t ■■ M ■ ■ ■ ■ 

E cos 4©2 “ P cos ©2 


C) 

( 3 ) 
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Th« b«Mi defining eoUiaator thoim in fig. 2 eonilatt of • load slab 1S.2 cm 
la thiekaosa loeatod 99 ea froa tha targat. Oaa tha two photoaa (tba tagging 
photon) vna obaaxvad at a fiaad angla of 20^ with raapaet to tha baaa, and tha 
apartura wall dafinad a cent angla of 0.85^ for thia photon. Aa a eonaaquanca 
of this flxad angla and aqa. (2) and (3), tha aaeond photon had to ba obaarvad 
at an angla that dapandt upon tha positron baaa anargy. To facilitata diffarant 
anarglaa. holaa whoaa dlaaatars and anglat vaira datarainad by aqa. (2) and (3) 
vara drillad in tha colllaator slab. Tabla 1 auamarixas gaoaatry for a variaty 

of anarglaa. Holaa not In uaa vara ^luggad with b*aas cyllndars. 

Tha tagging photon, at a flxad angla of 20°, variad in anargy from 5.5 
to 7.4 MaV ovar tha ranga of positron anarglaa for vhleh tha colliaator. 
gaomatry was daslgnad. lha tagging photon was datactad by a Nal(Ti) crystal 

12.7 cm dlamatar by 12.7 cm thick, surroundad by laad and.boratad polyathylana 
khialdlng. At tha position of this crystal, tha collimator defined a beam of 

5.2 cm diaatater which was small compared to tha diamater of tha datactor. With the 

44.8 ng/cm Be annihilation target, the integrated bramsstrahlung intensity 
was comparable to the annihilation photon intensity in tha tagging counter. 

Tha bramsstrahlung component is a continuous spectrum chat varies roughly 

as up CO Che beam energy and consequently it can be nearly al im i n at a d by 
using a differential discriminator to select only those events with energies 
around the annihilation peak. (See reference 9 for details.) 


Ih« hithtr «ik«rgy taggtd photon (photon 1 in fig* 2) travtrtod tho 
colUantor «nd ontorod tho toloieopo vhieh woo oltuotod opproxl- 

aotoly 8.5 « fron tho torgot. At this dlotoneo, tiho boon woo 7.2 eao in . 
dloBOtor ot 31 3ioV ond 13.4 ea in dioaotor ot 15 Mo7; dlaonoiono which woro 
oaoll eoBporod to tho oportuto of tho dotoctor. Provioiono woro inelndod 
to tronoloto tho toloocopo roaotoly in tho two orthogonol diroetiono noraol 
to tho hooa axio oo thot locol voriotions in oonoitivity within tho inotru» 
aont could bo otudiod ot ovorogod during cAlibrotion nooouroaonto. Aloo» tho 
Inotruaont could bo tiltod with roo;*ct to tlo U<«ia to oxoaino offocto of zonith 
onglo on tho oonoitivity ond onorgy ond ongulor rooolution functiono of tho 
dotoctor. 

Aaong tho photono thot ontorod rho inotruaont in tbo aoro forvord diroe* 

tioa.with roopoet to tho boaa oxio, tho aojority (90 to 9SZ doponding on tho 

• % 

rongo of ongloo ond onorgioo in toblo 1) woro duo to tho broaootrohlung bock- 
ground. (Tho ehorgod portlclo bockgroundo woro rojocced by tho inotruaont 
onticoincidonco ocintillotor doao.) Thooo photono obtorvod in coincidonco 
' with tho photono in tho togging dotoctor, howovor, wore due to the positron 
onnihilotion proeooo ond wore tho events uoed in thio.colibrotion. Tho 
- onorgy dioporoion of tho onnihilotion photon beoa woo detersined by tho colli* 

BO tor geoaetry ond woo noainolly 3Z. - : 

A condition on the intensity of the beta vos sec by Halting the event 
rote so thst tho probobility of aore chon one poir laege vos saoll in ony reodout 
of the inscruBont. If c is the probobility of o poir conversion within the 
detector voluao (c 52 ot 30 MeV), h* is the totol nuaber of gesso roys per 
beoa burst, T is the iaoge retention time of the detector (t ** 1 usee) ond 
£ is the burst durotion (5 • 3.5 ysec), the upper lisit condition on the intensity 
sot by the instruaent choree t eristics is 


KCT/6 ^ 0.1 

vor the voiueo indicot«u obove, (i) isplisc 


(4) 


getsd intensity of N < ” 




• ' 

photons psr burst. AimlMlstion svsnts vsrs only sbout 5X of ths total flux, 

‘ • 

bowovsr, snd so ths 11x1 ting sanihilstlon rstt vs# N 0.3 psr hurst which 

* * 

wss soarwhst loss rsstrlotivs than ths Halt rs^irsd to svoid pils-up offsets 
from ths total intsasity (annihilation plus brsasstrahluag) in ths tatting 
eountsr. In prseties, bsaa eurrsnt wss lladtod to 0.12 nA with a eorrssponding 
annihilation Intsnslcy of N 0.02 photons psr burst. 

Mot all of ths tagging svsnts vsrs aceonpanlsd by colncidsncs photons 

in ths aors forward apsrturs. Mul tipis scattsring of ths positrons in ths 

a nn i h i l ation foil altsrsd ths incidsnt bsaa dirsctlons by ras angular intsrvals 

which wars coaparabls with opsning anglss subtsndsd by ths holss in ths coUi- 

aator wall. Thus, ths prsciss angular and snsrgy corrslacion lapllsd by 

sqs. (2) and (3) wars blurrsdrssul ting in a rsduction in, ths incidsnes counting 

rats. Ths spatial sxtant, position and focusing of ths incidsnt positron 

bsaa also influsncsd ths colncidsncs rats dus to ths gsoastric constraints 

of ths colliaator. In practlcs, ths bsaa could bs tunsd to provide a bsaa 

cross ssetion centsrsd on ths target with a disaster of *vl.5 ca. Finally, 

brsasstrahlung could produce photons in ths tagging detector in ths saas 

snsrgy interval as tbs annihilation photons. Bscausa of these effects, 

it was necessary to asasurs ths fraction of ths tagging detector counts 

chat wars accoapanisd by photons in the forward aperture, hereafter called 

the tagging efficiency. For this purpose a second Kal(Ti) detector disaster 25.4 

CQ and thickness 25.4 ca long was aovsd into the forward besa ahead of the gaaaa 

0 

ray telescope in fig. 2. Hayward et al. have described this Instrtaenc and 
the canner in which coincidence aeasureaencs between the two Kal(Ti) counters 
were aade. In straps ry, the counting rate of the larger crystal, gated by the 
tagging counter and the bsaa gate, was detersined and crrr».cted for the saall 
fraction (I.IZ) of the events that did not interact in the Kal(Ti), or because 
of the response function of Che detector, produced signals too saall to be 
counted (10.12). 
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Tit* ratio of tho eorroecod eol&eidMtto rato to tha atnglaa raw* .Is. tha tagflat 
couatar was than tha ugtias afficlancy. TypieaUy, thla valua raagad froa 
20 to A0Z» dapaxidiag oa tha aaargji apartura gaonatry, and allgnaant and foeua 
of tha baasi During calibration naaauroMnta of tha gaanut-ray talaaeopa, tha 
Ugglng affieianey waa obaarvad bafora and aftar aaeh aaaauraaant aaaaion, and 
thair Taluaa ara auanariaad in tabla 2. 

3*2 Elaetronies 

Fig. 3 ahowa a achaaMtle of tha alactronica aaployad la tha calibration 

naaauramanta* Tha uppar dotted araa daaeribaa tha logic of tha gana ray tala- 

acopa ahoving how tha nina acintillator and Carankov countara» aa daacribad 

aarliar, coobinad to f om a trigger aignal provided no aigpal waa praaant in tha 

anticoincidanea dose and whan tha readout alactronica waa not activaly procaaaing 

• \ 

an aarliar event. Such a aignal aigniflad a neutral event (T-ray) had Intar- 

acted to produce charged aacpndariaa (a*^» a*) in tha pair-production plataa 
interleaving tha apark chaabar aodulaa above tha acintillator plana (Saa fig. 1). 

In. order to include the additional raquirananta of a aignal in the tagging detector 

and a bean gate, tha anticoincidanea acintillator dona aignal line waa broken 

and routed out of tha inatruaant to a eoincidanca nodule whose other input 

waa derived aa ahown achanatlcally in tha lower dotted box of fig. 3. 

4. DATA AKALTSIS AKD RESULTS . 

Calibration naaeurananea ware aade on five aeparate occasions. During 
each session, the apark event data were recorded on sagnetlc tape using the 
hard line connection ahown in fig. 3. In addi.::f.on. the gated tagging detector 
counts (T*C) and the instruaent trigger counts (A*B*C*T*C«T) along with other 
secondary data including the bean dunp counting rate, the bean current, and 
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tht iMtruMBt AatieolBeidane* doM r*t« w«tt til r«eerd«d for Mch BikMuroatat 

*■ ^ . 

latAnral. M aotod Mtlior, togtlAS officloaciM lir«r« oboorvod bofor* «ad afcor 
udi OMiloD. fureboraero, poriodle ehoeko of cho bon focuo voro aodo uolng 
cbo bon^ofiaing oporturo In tho loddor. Tho baektround duo to broasstrohluBg = 
voo vorifiod CO bo Mgllglblo through tho'uoo of cho To corgot* oad tho offoeto 
of oeeidoutol eolacidoaeo woro found to bo uniaportoat by introducing long 
doloyo in ono log of tho coineidonco notwork. 

Tho tpork choihbor 'ovont data voro analyaod in cho oaao nannor aa flight 

daca^*^. In thia pcocoduro, aoucco capos voro utod to aako coapucoc-gonoracod 

plots of oach orthogonal viov of cho apark chaasbor aasoaialy. Tho ovoncs woro 

acanaod by a tralnod obsorvor to soloct choso that cloarly shows two socondary 

chargod particlos that originaco at. a vortox choc was locacod bolow cho cop 

dock. Thia slgnacuro unaabiguously idonclfiod that tho y ^ ^ + tT ineoraction 

occurrod in tho spark chaabor voluao. Soao of cho actual pair production ovoncs 

night havo boon rojoccod by cho rigid solocclon criccrla; howavor, cho obscrvod 

instruBonc aonsidvity naturally includod tho solocclon officioncy. Each 

7 8 

accopcod ovont vaa "struccurod" * on an Intaracclvo cooputor display corninal. 

In this stop, spark coordinatos of oach socondary oloctron woro idonclfiod in 
both orthogonal viows. Finally, tho onorgy of tho oloctron-posicron pair was 
ovaluatod using aultiplo scattoring thoory, and tho direction of tho incident 
ganaa ray was dotontinod with rospoct to cho chaabor coordinatos using an onorgy 
volghcod bisoctor of cho two oloctrons. 

Table 2 suaxsarisos tho calibration does used to aoasuro cho officioncy of 
tho coloscopo at 31.1 and 15.1 MoV. As doscrlbod abovo, the product of tho 
tagging officioncy and cho tagging dococcor counts roprosonts cho nuabor of 
gaaaa rays froa two photon annihilations in tho boaa cargot vich aro Ineidont 
on tho coloscopo. Of that total, only a saall fraction Incoracc in tho coloscopo 
and cauao a triggor to occur, and still saallor fraction produce aecoptablc ovoncs 


diat scanning tslsctlon criteria* The instruiaent's efficienej thenves 

e * • 

deteraine^ fron the retie of accepted events tn the product of tagging counts, 
tagging efficiency, end live-tlae fraction. The live-tiae fraction is deterodned 

ty 


L - l-p(l-tT) I 

with an uncertaincy 

v'n 

pM-rr) 


(5) ^ 

( 6 ) 


Here p‘"ls the' readout '‘tlaie of the telescope' (450 'issec} , r is the counting rate 

in the A-dome (r ^ 2500 cps during calibration), T is the anticoincidence pulse 

vidth (1*0 vsec), and n is the total number of detector counts in time T. 

It is evident from table 2 that the majority of the sessions were devoted 

to 31*1 MeV at vertical incidence where the technique was 'developed. However, 

the times devoted to each category of energy and direction are roughly equal. 

• * 

Observations that were suspect as a result of poor tuning or high current with 
resulting pile-up in the tagging counter have been eliminated from the results 
of table 2. The uncertainties expressed in this table are one standard deviation 
estimates based on counting statistics only. Other uncertaircies, example, 

- drifts in the bean focus and cross sectional area could .produce systematic biases 

as well as additional random error. For these reasons, the average value for- 

# 

'31.1 MeV at 0.0 degrees incidence is a simple average rather chan a weighted 
mean. It .should bo noted,, however,^ that the .individual measurements are in 
s tatls tleal. agreement . 

The results summarized in table 2 are plotted in fig. 4, together v*lth 

curves calculated using a Monte Carle program tailored to this spark chamber 

telescope. Here, the ordinate is the product of the efficiency and the active 
2 

area (2500 cm } of the instrument. The actual calculated efficiency values 
are reduced by a factor of 1.3 in order to normalize them to the calibration 
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4«t«* This f«etor it not unoxptetod In vi«v of ■•voral •iapllfylng approxiaotlont 
that tand to ovaraatlnata affielaney in tha Monta ^rlo approach. Sona of thaaa 
approxiaatlona Inuluda chaabar adga affaeta whara atcaplng partielaa can trlggar 
tha anticolncidanca ayataa, tha aimpla thcaahold for algnala in tha acintillatora 
and Carankov countara, and tha avant aalaction affaeta aantlonad abova tiharain 
actxial scanning aoaa avanta nay ba rajactad whan thalr vartax la not claarly 
daflnad in tha avant plcturaa. Tha analytic approach, whan anchorad with obsarvad 
data as In fig. 4, provldaa a uaaful naans of axtandlng tha Infonatlon on sansl- 
tlvlty to other angles and anargias . 

Maasuras of energy and angle resolving ability of the Instrunant are obtained 
for tha sane sat of events by comparing tha observed quantities with tha known 
energy and direction of tha calibration beam. Fig. 5a summarlzas tha projected- 
view ms angular resolution as a function of energy compared with tha functions 
predicted by the Monte Carlo program. The full three dimensional angular uncer- 
tainty is larger than tha values of fig. 5a by Fig. 5b shows the energy 
resolution obtained for tha 31.1 MeV data. This distribution is skewed towards 
low energies since energy is essentially inversely related to the angular devia- 
tion due to multiple scattering which is a sjnnmetric distribution. The width of 
this distribution is 36X-of the mean value. The number of events at 15.1 MeV 
are too few to provide a meaningful histogram, but they too have a width 35Z 
of the mean of 15 MeV. Monte Carlo simulations suggest d£/E 35Z for all energies 
from 15 to 70 MeV. Above 70 MeV, dev..acions of particle trajectories due to 
multiple scattering are dominated by uncertainties in track coordiantes due to 
the quantized nature of wire grid spark chamber coordinate measuring capabilities. 


5. SUMMARY 

A tagged photon beam produced from in-flight annihilation of positrons Chat 
was developed at I«BS provided a nearly monoenergetic beam of photons useful for 

to to w to. to to *# .tos* to*«C Waa&to^^ toeaea^S* to to toU mt\J i‘lC V AC WUe XXOllAr 


\ 
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Acetlerator* M*a«uram«nts of th« GSFC ballooo-lMrno gaama-ray taltteop* pro* 

»? 

ptrtlM at 15 and 31 KaV fumithad data for varlfylng and normalltlng tha 
Monta Carlo analyila of tha talaaeopa parforaanea. 

Tha authort viah to thank Dr. Evans Bayvard and Or. Donald Rnlffan for 
stinulating discussions and asslstanca during naasuraatats. In addition, thay 
ara grataful to Dr. Hayward for aaklng avallabla tha largo Nal(Tl) countar 
usad to naasura tagging afflelaney. Furthar, thay wish to thank Dr. Danlal Morris 
for asslstanca in tha avant data selaction and analysis. 
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FIGURE CAPTIONS 


Fig. 1. 


Fig. 2. 


Fig. 3. 


Fig. 4. 


Sehcaatie o£ th« GSFC midluof ta^rgy digitlzad spark ehsaibtr 
gsBBs ray talaseopa. 

A plan vltv of tha positron and annihilation photon baan 
gaoaatry usad for tha gassaa ray talaseopa calibration 
sMMuraaants. Oataetion of photon 2 at a fixad angla of 
20^ sarvad to tag tha coineidant photon 1 as tha conpanlon 
Annihilation photon. Tha collimator allows angla e, to 
ba ehangad to accosaodata gaomatrias appropriata for a 
ranga of anargias (saa tabla 1). 

Block diagram of tha alaetronics logic and data system usad 
for tha tagged calibration maasuramants . Tha upper dashed 
box rapresants the colneidanca and event processing clactro<* 
nics integral to tha GSFC gamma ray telescope, altered as 
noted, to Incorporata the tagging logic derived as shown in 
tha lower dashed box. 

2 

The observed area (2500 cm ) x efficiency of the gamma ray 
telescope. The uncertainties are one •standard deviation 
based on counting statistics alone. Solid curves are cal- 
culated Monte Carlo results divided by 1.3 to normalise 
them to observed data (see text for details) . 


Fig. 5. Observed resolution functions for the gamma ray telescope. 

Fig. 5a shows data and calculated (Monte Carlo) results, 
given by the solid curve, for the angular resolution in 
a projected plane. Full three dimensional angular uncer- 
tainty is larger by a factor v^. In fig. 5b the observed 
event energies determined by multiple scattering measure- 
ments are shown together with the overall mean of 29.6 MeV 
given by the dotted line. The spread of this distribution 
is 5b5I. 
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